A theoretical study of the binding to DNA of netropsin and a bisquaternary ammonium heterocycle, SN 18071, is undertaken with an energy minimizing program based on empirical potential functions. The positionning of the ligand is achieved by force and torque calculations and its internal flexibility is taken into account. The binding preference of both drugs studied for the AT minor groove of B-DNA is shown to depend on both the electrostatic potential generated by the base sequence and the quality of the steric fit of the ligand in the groove. Ligand-DNA hydrogen bonds are shown to aid binding, but not to be essential in establishing binding preferences.
These models were developed on the basis of physicochemical studies and CPK uodel building, but the exact roles played by the charged ends of netropsin and by the hydrogen bonds remain unclear. The charged ends appear to be important since they are a common feature of many groove-binding ligands. Nevertheless, a netropsin derivative with both ends removed, although showing a decrease in binding efficiency, still complexes to poly(dA).poly(dT) (3). The ability to form hydrogen bonds has also been thought to be essential and has frequently served as a basis for theories on specific protein-DNA recognition mechanises (16) . In fact, it is not an absolute prerequisite, as it has been shown that a bisquarternary aranoniun heterocycle, SN 18071 ( fig. 2) , which cannot form such bonds binds also to DNA and shows a similar AT minor groove specificity (17, 18) . In order to adapt the confornation and position of the ligand to the macromolecular site, we first define two target atoms within the macromolecule and two attacking atoms within the ligand. This may be, for example, two hydrogen acceptors within the macromolecule and two hydrogen donors of the li-gand, the aim then being to minimize the distances between each such attackertarget pair. The fit is acheived by, firstly, the possibility of shifting and rotating the ligand and, secondly, by turning around any of its single bonds. In either case the motion of the ligand is guided by trigonometric calculations which attempt to optimally approach the attackers to the targets. In the case of bond rotations a cyclic procedure is employed. Initially one attacker atom is considered to be fixed in space and rotations are performed around each single bond of the ligand in order to minimize the other attacker-target distance. Each such rotation is chosen as that which, for the associated bond, best approaches the moving attacker atom to its target. If such a rotation causes close contacts, smaller rotations are tried until an acceptable confoimation is found. Once all the bonds have been investigated in this manner, the role of the two attackei-target pairs is inverted and the same technique is used to optimize the position of the attacker atom which was previously considered as fixed. This entire procedure can be repeated many times and, moreover, the attacker atoms of the ligand and the target atoms of the raacromolecule can be changed at will until a good fit is achieved. The conformation of the complex thus obtained is subsequently used to "seed" the energy minimizing procedure described in the following section.
2) An energy mininizing technique based on calculating forces and torques.
In order to optimize the energy of the complex we employ forces and toiques acting on each atom and bond of the ligand, produced both by the raacromolecule and by the Ligand itself. The total force and torque acting on the center of mass of the ligand are used to calculate the direction in which the molecule should be shifted or rotated, as a rigid body, to improve the energy of the complex. Total torques acting at each atom of the ligand are also computed and guide rotations about these centers. For changes in conformations we use the torques acting on each single bond of the ligand. These torques are obtained by, firstly, calculating the forces acting on all the atoms rigidly bound to the two atoms forming the bond considered. Each of these forces produces a torque on one of the two atoms forming this bond and the summation of the components of these torques acting along the axis of the bond is used to determine which direction of rotation around the bond is nost likely to improve the energy of the complex.
Since this optimization procedure is controlled interactively, any of the above data may be used at each step to attempt to improve the ligand's orientation and conformation. The program automatically rejects any change suggested which leads to oacromolecule-ligand contacts or which does not lower the Table 1 which, al- 
though small by comparison with the electrostatic term, is much stronger for the minor than for the major grooves, notably in the case of the AT sequence. This Lennard-Jones energy is a good measure of the quality of steric fit between the ligand and the macromolecule because of its strong distance dependence which causes it to become favourable only for very close interactions, but also to rapidly become extremely repulsive if any close contacts are produced.
From the last column in table 1 we can see that when complexing in the minor groove of the AT sequence the molecule is deeply imbedded, forming six hydrogen bonds between its terminal and amide hydrogens and the Adn(N3)'s, Thy (02)'s and a Sug(OV). A much looser arrangement is found for the GC minor groove, due apparently to the steric and electrostatic influence of the amino groups of guanines. Only one hydrogen bond was found between the guanidiniuro end and a Sug(01').
The interaction of netropsin with screened B-DNA has been investigated, as described in Hethods, using either Na or Hg counterions. The results for the two models are very similar, with the exception of the absolute values of the energies. We shall thus present here only those obtained for Hg (Table 2) . Table 1 it can be seen that the order of preference for the different grooves is unchanged with respect to naked DNA : the minimum energy complex occurs with the minor groove of the AT sequence, followed by the minor groove of the GC sequence, weaker by 50 kcal/mol. The values of the interaction energies are however strongly reduced as compared to those of Table 1 , due to a reduction in the electrostatic energy, while the Lennard-Jones term is, on the contrary, somewhat stronger. The overall preference for the minor over the major groove is slightly increased upon screening. The optimal positions of netropsin in different grooves are very similar to those found for the unscreened nucleic acids.
By comparison with
In Fig. 4 we present a computer graphic of netropsin bound to the minor groove of the AT sequence of Hg screened DNA. o Using NOE measurements he proposed these distances to be 2.5 A. A further interesting feature of our complex is also that both charged ends of netropsin are well in the groove, forming hydrogen bonds with Thy(02)'s. We were unable to produce any complex which combined this in-groove position of the molecule with a direct interaction of its charged ends with the phosphates. 
